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[ASM] 

£ 4eV e)JELefl4=l ^ ^7]1- 33 A3. ^ 3 

oil- £ £5^1 «l3l*Kr WH°1^ #^*>7l W «Ho^ £cgs$ 

^ hH°1^ efl^oil €3 ^4^7} H^SKr ^-g- #^ 

51 6 
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£H sl^efl^ f-^-g- #^^7l{Clock generater for Refresh 

execution with temperature sensor} 

£2^ Siofl £Al^ e^efl^ f^-g- €^M7]^ 3jS£. 

£3£ £241 £a]^ v\o]o]+ #<&$q».ci\ ^ E o)l tfl^. 7l^*Hf- ^-g- uj-Ej-ifl^- 
£4^ £2^1 3 = ^3 *^-8- #^«7l^ cfl*V ^4-g- 

#^^1 Jf.^ M-Eflfl^ ZLSfllL. 

5L5^ S2«fl e]^efl^ ^-g- ^^m^HH #^£]^ e]^efl41 ^-aj-g- # 

£7^ £64] HAl^ ^M^^ Wr^tr ^^Aloflofl ^S3E. 

£8fe ^6^1 M^^S] uf^-^i^V <a^Al^ofl 43 

£9^ JE7<Hl £Al^ HHoli t+Ef^H^ =L$*. 
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MP1 ~ MP18 : s\3-^ 

MN1 ~ MN19 : «£i S€*1^1 

R, Rp, Rn : 

BN1 - BN3 : «H-i4 M^Ul^E) 

<i?> a. ^ tiv £ ^ W £.2.3., ^1 €3* ^o^H M*Hr #^M7l 

oil W %°-3., fief ^H1*H]^ 5l£3l3 A l"§-o-Rr #3-8: ^*Kr 

<is> 9JHVa]o.s. #£Sfl nflM =8-^1 H7ll ^3 pflSE) ^(Dynamic RAM, 

' DRAM ' °1 5} Dflisl ^(StaticRAM, <=>1 *V , 'SRAM'^el- ^-)£ =L 

^<*H SRAM-cr sfl^Hlatch)!- <§^sRr 47fl^ e^^e^ 7l£ ^ 
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my] 4^°i ^34 ^ w& m°i4fe ^44. 444 

tllolEil- ^^Hfe 51 Eefl4l (REFRESH) ^-4£ -S-^44 $>^r4. 

<19> H^U)-, DRAMxr l7fl^ H^l^E^ l7fl^ 7fl5)44S 7} £ « T^oL, ^4 

m q)o}z]% *1#tb4. zl^I «44 ±z\q *H°14^ 444^r ?H 

SflAjE^ Al^>ol ^14^-611 44 444 DRAM^r ^71^ O.S. € 

<2o> elsefl^ 4-§-4 1^4 4^-8: ^3)44. 4#44 £ 

^H^S tS^ll- 4^7}^ pfl£E] ^ ^^<?lol A^c}. Z151JL 0} ^jelbKH 
tflo.^ ^flSflAlE^l *d*Hr 44 3*H 44 MM 4341 

4#€4. 3*3141 4*3# HH47> £4SH a.^4. 

<2i> DRAM°1 4°*m 4^1, 444344 <8£4# »M7>^ 

3^44] ^-4# ^^*>7l 3*04^ 3^314=1 ^g-4-8- #3*1 1^-44, 3H313 ^43 
7l^o] s)^ eisefl^ ^-4-§- €3^ i^*Hr *M 3*^13 ^4-8- M^7H4-. 

<22> 5Ll£ ^2fl7l#ofl $\ % E)Sefl4=l ^4"g" €3^71^ i;il^.£ 0 14. 

< 23 > ^ssH £)^efl^ ^4-g- #3^4^ 3*441 ^4* ^4 

7] *^(30)^.s 3*441 ^4-8- €3* 43 M*Kr €3^^(20)4, # 
§HW(20H4 #33^ 3*3141 #33 ^4^r* ^^47l 4tb «H°1^ 

44(Vb P ,Vbn)-§- #3^4(20)51 #3*Hr 4°14^ ^SHHWO)* ^3 

$4. 

<24> £2fe SLH 514 £ el sell 3 ^4-§- ^^^^4^1 3^5l 0 14. 
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c 25 > £21- #S*H WiL^, al-o)^^ #^^(10)^ ^^(VDDH 

%4-S\jL, TflolEcj-3]- HEfl^l^ol <£%S\o\ t Eefl^^ y}o]oli ^^(Vbn)^- # 

<26> #§H^Jf(20)^ 4^ <ytHEUlNl_l,IN_2 > ..,IN_n)7} 315. "S^sl^, 

o] ^3 <yalEKlN_n)^ ?l^El(IN_l)^ S^slfe ^^7l 

<27> 442^ ^ti^HM INDtt ^11 w}°H^ ^(Vbp^ 7flolH^-o. S <s^<>} # 
(30)^-5. #3€4. 

<28> £3^ £2<^1 tiH<^ ^M^4(10)^>H ^S-i ^tt 7l§^ ^-1: 4 

EKfl^r ZLefl^olJi, 514^ £2ofl 5L*m #^^^«.(20)^ tfl^ elJEefl^ ^-§- 

M-4^fe nsfl^^ji, H2ofl EA]^ E] = efl4i ^-g- €^ 

^7HH els all 3 5}i*e113 =r^t ^ ^ 

^-fc 44^ ZL2flnol4. 

<29> ol^H^^ £-1 £51- ^2fl7l#<Hl 51*!: 51 Sefl 4=1 ^-§- #3^71 

si ^-a- #b|£4. 
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<30> £*| ^^^«a-(VDD)4 ^MWSSH HH°]i ^-SHIWdO)^ 5i)2. 

^e^^^eKMPI)^ ^2^M^liB](MNl)7> ^frsM ^"t(R)^- ^-*fl H^tt 7l$^i 
fl-(Irefl)7> ^^vKVDDHH ^1#WSS)^23. ±*7\) £4. 7]<££ft 
(Irefl)7> ■^^■(R)-g- *«fl El^, s|2^m€*l^l(MPl)2}- *S5LiI^liBl 

(MNl)^ TflolE^-oil *m *g 7fl2 wH°1^ ^(Vbp.VbnH ^4 °J7}SM 
(20)3. #3^1 £4. 

<3i> ^^HS afli £ ^2 wH^^^Vbp.VbnH € 

^^^4(20)1- ^*Hr 4^ <?]ttlEi(INl > IN2,..,IN_n)7> ^H-g; ^7}^o] ?]n 

4. 

<32> c^H -^^-g- ^sHrfe 4°H^ ^^^(lOH^ #^4^ 

^1 g ^2 y>oioli ^«g-(Vbp,Vbn)2] ^J-elHS. *<H*H, ^1 ^ ^2 4°H^ 3tf 
(Vbp,Vbn)4 ##31 ^1 £oj.^s. sl^ell4l ^-g- #3^ ^4^ f^HKz, *fll ^ 
^112 til-olo]^ ^<g-(Vbp,Vbn)^ ^U-^l^l ^4^^- €3^ ^4^rfe 

^o^tH €4. °lr €^^^^-(20)1- ^M^Rr 4^3 °J^^ (INI, IN2, . . , IN_n)* * 
§fl 3-4 *H7ll 5]^ ^^l ^fll 3? ^2 4°H^ ^(Vbp.Vbn) elll^l 51*11 «4 
71 *ll£-°14. 

<33> DRAM^l sfl ^1 ^ ^Kr ^2<^1 44 ±S.S\^ ^27} 45 71 nfl^- 

oil, sl^efl^ ^SKr ^MS. ££<H1 42} 43.7)1 *H°> W. ^^-H 

7-1 M ^*>7> i^lSl^ 4^<>1 £24 ^^tb #?HH &Ur*H, ^27} nfife ^ 

38-8 



1020020076713 #^ °j7>: 2003/1/14 

5L$\^ <#o] f^Tfl cflolB|7l- ^ltH dt^i, £r£<HHfe #tfl3 °.S 

<34> 4^ i^ofl^^ E^^efl^ ^7l# ^Tfl «H 7}^ el ell 4=) sH 6 > *Ka, 

*|£4Hfe el Hell 3 ^711- 3711 «H el Sell 4=] ^4 «^r# #<^£ 3^ 

<35> «H<>1i ^^^"¥-(10)01) ^Wl^ ^HH V -H^H^r ^ 7} 

*l7fl ElJl, T^Hfe ^o. 7W?11 ^ ti>ol<^^ ^^-^(lOH Jl-eL 

^ 7lS*lfi-(Irefl)fe- 513°ll ^6\] hVh] 3)1^ m.^ 7 }x] ^ E ] JL| c] S 

^l^fl «H°1i ^M^UOHH f^S}^ *fll £ ^j|2 «H°1^ ^^(Vbp.Vbn)^ £ 

<36> Till ^ 2 v}o]o]+ £<&(Vbp,Vbn)°l tilti^l^ 7^711 =M1 4^ 

#^^^4(20)^11^ el Sell 41 ^^-g- ^4^r£ £5^1 ^WRr 4 

4>cfl^o.^ aTfl tflc> $4. ^, sl^eil^l ^4^1 ^Mfe £51 oil £«l3im:£^ ^ 3 

°1 ^ff-^S- ^-^H o^o] ^ol4. 4^ El ire)] 3 ^21-21 ^711- ^^^Tfl £) 

<38> ZL&IM-, #Efl7l^oll Ejn^x, ^.g. §3^7^ 3 = ^3 ^^-g- ^<S] 

• ^4^?} -g^l ti>al3llsl-£^ 5S)ol ojjjL o]«|) BlKSfl^ ^ ^7l7> ^JE^l H] 3f| 
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*H £51- #S*H ^liL^, oi^-^o] 3*313 ~ 7 )±. ^d\) aVajefl^H 

^ ul^ofl^ iL^q^ 3=^3 ^7l7> DRAM^- -£31*1-711 5)£, ^^Hfe- 

4. 



£ ^714 «M*>7l Jfl*fl ^flo>^ ^JES} £JH life)- a] IE 

313 ^4 ^7]# ajaj 0.3. S« ^ ^ slsefl^l -g^-g- t^Hr 5l^efl4l 

€^^37l# afl^sKr o.s 



<41> <#7)2\ ^t}7) £f\*H £ ^ £ ^£ofl Hi 3fl*>fe n}o)o]^ 

7} yfo]^^ ^ ^-71 HH<H^ # 0 J- Sfl^^l ^4^71- Wl 3jl 

M7H- T^l^Cf. 
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<43> £ *HH 44 3^313 ^-g- #3^713 «5L 

°14. 

< 44 > t2s}^ ^Ji^, 4# e) sefl 41 f-^-g- M^MMfe £3E<>fl 

431*Kr B>°Hi ^tfCVp.Vn)* #3*>7l y>°H^ 3<W<miooo)4, 4°H 

^ ^(Vp.Vn) eflf^l #§1 ^sHr7f al^Rr 3 = ^3 ^-g- #3-§- #3*1-71 
€^^^-¥-(500)1- ?H1W. 
<45> at!- 4°1°1^ ^M^UOOO)^ ££41 wHl^Kr #fKip)* #3*1-71 3^1- 

.££431 3^^(100)4, £5^1 ^WBr *ll2 ^(In)l- #3*>7l 4tb ££<£ 
4*11 #^3^(200)4, ^1 #^-(IpHH *H2 ^(In)# « 4<>R>f-^ #^-^1 tfl 
h>o1o]^ ^(Vp.Vn)^: #3*>7l 4t!r 4°H^ -¥-(300)^ ^4*4.' 

<46> Ufol^^ ^MWtT *)U ^iHlpH $-2: V}0]0]+ 

(Vp2,Vn2)# #3471 4t!r ^ 4°H^ 3 ^(400)1- 3 ^4 $4. 

<47> #3^4(500)41*1^ hH°1^ ;£<£(Vp,Vn) cfl-g-^ ^^s]-, t£ 

S 4°M^ ^ o a-(Vp2,Vn2) efllHl cfl-g-^ *)|2 ^4^* M14^A5. ^^*>J1, #4 
* ^12 ^4^fHl ^3 ^4^r7> 43l*Hr el^efl^l #34^1 £4 
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< 48 > £7^ H6°fl V}6\6\£. H}^^ ^lo|c( 4=. ^SH<>ltf. 

< 49 > £7^- £*lJi$, 3 ##3 4(300)*=- *ll2 ^^-(In)l- 

*)13 ^^-(In , )l- JLiMl ^}7l ^tt *Hl #^1*1(310)21-, *lll 3HKlp)<*IH ^13 ^ 
(In')l- ^ m ^fKlsub)* *l^tb *fl5 *HHlsub')l- S.^7\) *}7) S.^^} 
^(MN7,MN8)-t ^l^Rr *112 #^<1 &| (320)21- , 42 #^-*l ^ (320 H ^5 ^fi-(Isub') 
1- *s.7ii t}7] ^^(VDDH S^h^^^(MP8)1- 
. 3=$ ^15 #fKIsub'= aKlp-In'))^ ^4 ^^-(Isub)l- a«fl *l^sl£ 

<50> ^1 ^^-D]eK310)^ TflolE^ <^o.5_ *lll #-?f(In)# ^^^S, ^^1^ 
WSS)^ <£%5\°] 4°1^- 3^r£ ^2.^S^^^eKMN5)^, oJ2-^M*1^(MN5) 
9\ TiM^^H TflolM^-ol £;|5H , *j| 2 *I^-(In)-& *1 ej *g *V ^13 *I^(In')l- ^*l*i 
<#(VSS)°-S *3}^7l W ^HiM^fl^iEKMN6)l- 

<5i> 2112 3^*1 ei (320)^ Al ^(IpHH ^13 ^^-(In')l- «l *fl4 #^-(Isub)«- ?1H 
e<4 o^^cj-o.^ ^^Jl ^l^WSS)^ <£%S\o] t±o)o_E. %4?Q 

€*l^(MN7)2h «HH>iE^^^Ei(MN7)^ tIMe^oH TflolE^-ol ^4 *l-ff 

(Isub)l- cle^tb *)15 ^(Isub')l- ^l^SKVSS^S. *B^7l ^ <?B5L^S€*li 

bkmn8)# ^1W. 

<52> ojyH cfol^.c i^E^^iEKMPS)^ 7flolE^cllA^ ^fll tiHo^ 

(VpH f^ji, ^|2 ^^lBl (320)1- ^*Kr S.iM€^l^(MN7,MN8)5l 7lHii£o]l 
'*\ 42 *}°]°]^ €Wn)ol #^£4. 
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< 53 > s^r, ^rHtil^l ^^-^(lOO)^ ^^(VDDHl <£^°) ^^M, 7)}°}^A 

t](W2)A ^^-dI&H- ^S}^- SlS^E^^^ E ^( M p 1 )^ ) ^S^Eig^ElCMPl)^ A 
$*l^Ei(MP2)£l E^ofl o_j^ 0 ] o^s)^, ^fi^E^^CMNl)^ 7flolHtH 7]}o)U 

°J1S.^S€^^(MN1)^ #f-*|elf- ^sRr oflS.^E^^^El(MN2)^ ( 

ofl2.^E^^^Ei(MNl)^ E}-=§Hl S.e^^>7> ^^U, ^l^WSSH # 

AA 4°l5-^-(Dl)5q-, <as^€^^&l(MN2)^ Ef^^l <£^o) <£%q ^%HRp) 

£ 4°l-2-^(D2)4, ^^(VDDHl <a«H <*I^SU 7llolE^-ol s]S.^e^^^e1 
(MP2)£] TflolMcH ^S.^^A^(MP2)A ^BH^l- ^SiM^ 

*l^£i(MP3)» <^7H s]a.^E^^^El(MP3)^ ^1*11 d]s]^^ #^.7} 

3HKlp)7} ^4. 

<54> ^^fV cfol^.= (Dl,D2)^ PN^ 3^, <^7lA^ tiHf-5} 

<55> £5^13] ^^-^^-¥-(200)^ ^^(VDDHl S^sM X]°}^A A^ 

^fH^t- ^^Kr sla^E^^^EKMPS)^, 3ila.iE^xl^El(MP5)^ A^} °4^A 
7\}o)^o] <£zZ£\o] t cfo]o_= 2g4fja «a2.^E S fl^^(MN3)^l-, 2)5.^^^^^ 
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(MP6)21 E]-^ol| ^S) 1 ^, <fflSiS^^l^El(MN3)^ TflolE^l TflolE^-ol <g£ 

<ffl2.ie^^liBj(MN3)^ ^^l&ll- ^*Rr ^a.^H5ffl^^(MN4)^, °JS.^S 
^1^(MN3)S1 Bl-^oil s^^^]. o^^SlJl, 3*MWSSH1 #*>7} ^ 

^ 4olo_c (D3 )^ ) ofl S .> 1 E^xl^EKMN4)^ 3*1*1 41 (VSS)^lr 'S^fe ^ 

(Rn)4, *1W3-(VDDH <H«H TflolErj-o] s]a.^Eqfl^> 1 El(MP6)^ t^e 

#ofl 3qa.^E^^> 1 El(MP6)sl- ^^lell- ^^s>^ 2lH>iH^^iEl(MP7)l- 

^al^-c)-. c^H s]a>iE^^^El(MP7)^ 31*11 ^12 *l^-(In) 

<56> c)-ol^=(D3)fe PN ^ tM^ 0 !^ «>°ll-2l- 

H^fl^^ElSl UHol^cJ-4 1-^El^ 3^ A 1^ ^^Al^Cf. 

<57> iL^wH 0 ^ ^oj.^^«.( 40 o)^- *l4l*l<y-(VDDH <&&$5L z\ 

• S.iE?l*l^Ei(MP2)Sl 7llolErl.ofl SUS^E^^CM^)^ *i^lBl-I- 

t}^ slS.^H^l^El(MP4)Sl- ) ^S-iS^liEKW^W slsfl *ll6 *tfKlp') 

* olel^tl ^17 sHKjff^p')!- M>H *>?1 fi^i^l ^1 (MN9 ,MN10)1- ^w^> 
*ll3 ^1^151(410)31-, ^13 ^ifM^UlOHl *H7 ^^-(/? >4p')l- M^ll *>7l « 3 
^^(VDDHl ^1^.= 3^ 2.^S^l*l^El(MP9)l- *fl7 *i^-( £ >4p' )fe 

all 6 *lfKlp')» 0^ W °1&)^E)£^- *V4. 

<58> ^13 ^^nlel(410)fe TlHM^ 9J#^-S *fl6 ^^-(Ip')^r ^^^l, ^£ 3*1*1 

<a-(VSS)4 tfol^c o£^s-^7]+t\m9)Q, <?HH^^*liEl(MN9) 

o] TflolH^l TflolE^-ol o^^H, *|) 6 ^(Ip')# ^)^^^ ^7 *l^-( /? >4p ' )» 3 

*l*i<y-(VSS)°-5. *^^7l ^ ^S-^M^^l^-KMNlO)!- fHlW. 
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<59> d\7}^ t\o] %4tQ Z.£.^7]+z](W9)2] 7lHe1<EHH D}1 

°*KVp2)ol #^£)JL, ^13 3^1 &| (410)1- ^*Rr 51^31*1^ (MN9,MN10)£l 7))°}^ 

< 60 > #^^^-^-(500)^1 h}^^ ^aHo]] tcf^. slS^olcf. 

<6i> #2*H #3^-^(500)^ ^ ^2 «H°1^ .^ < a-(Vp,Vp)4 

^11 ^ *112 a.^ «]-ol^i *i<£(Vp2,Vp2H 2l*lH ^4 ^7} ^^fl^m 4^3 

(INl_l,IN_2,..,IN_n)7> ^15. 'SlslJl, ^#^1 ^h]^ °iBlEi(IN_n)2l #^£r M 

^ ^«1E^(IN_1)^ <tm<L2. <£%S\±r ^^71 ^Efl^ ^J^4. 
<62> 4^ olBlEK^^cfl INDfe f-^<?l 91^] m S.^^}^] 

(MP10.MN1D4, v\o]o]^ ^^-(Yp)l- TflolEci.^ <y^w>o> ^^(VDD)^-^ 

*IU ^4^(isub'= a Hip-in'))!- *f|^*M ^fHl ^-8: *R=- 

*l^Ei(MP13)4, ^1 Ji2:til- 0 H^ ^Wp2)-I- TflolE^A^. ^^o} ^^^<g-(VDD)5. 
^ ^12 *p')« *fl**M ^3lfRl ^« *Hr 3X]2.iE^^ 

(MP16)4, ^2 4°H^ #<£(Vn)* TllolEnj-o.s. o^alo} *jov (vss) o_^_ <^^*> 
2)1 1 ^-^fKlsub^ a ><Ip-In'))l- ±E.7\] «H <3^§- §m 3.^1=31*1^ 

Ei(MN14)4, 2112 iL3: hH<H^ *!<?KVn2)# tIHe^. ^^H" ^^^^-(VSS)AS. «J3 
& *fl2 -f-^itC/? >4p')l- 1=711 «H ^ ofl^E^^l^E-l(MN17) 

<63> elJEefl^ 3f^<>11 <?}ttlEi(IN_nHH Bl^efl4l ^2)-* =rH 

*}7l i?Rl l-^(nl£Al)o. S M€4. 
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<64> ol^-oflA^ £6 vfl^l £8^ #S*H €*MH <4€- 3 = ^3 #3 

<65> \3}o)o]+ ^<a-^^w.(iooo)l- ^*Kr ^Htil^l #^^(100) ^-^Ml 

<66> ^^(VDDH €^t^7lS] «H°1^ ^M^JfUOOOH] ?]7> 

^e^^^eKMN1,MN2)7> H^r^M, s)S-^S^^liEl(MPl)^ <as.^S^^l^Bl(MNl)l- 
^-«H 41 ^^"(Ip)7> 3L*7\) ^4. °1 ^ S]S.>iE^^>iEKMP2)^ 

(MP1)4 5]S.^M^^^E-1(MP3) W/L(Width/length)«H- l:l:lS *>JL, ^i^E^x]^ 

(MN1)4 <as^E^^^(MP2)^ W/L ali 1:15. 
<67> u^l^efE^^^S] o)]nlE-1^ i^H^-g- ^^-a]^ aJa^ £H£c(Dl,D2) 

*H *fll ^(IpH £]*fl 44 'Vbel'4, 'Vbe2'5. 3.7}*}7)£. tb4. 

44*1 Vbel-8: ^^HU4 £<>1 ^lslJl, Ip^ 24 £<>1 S^t)-. 

< 68 > i] vbel = Vbe2 + Ip *p 

<69> [^*\ 2] Ip = 1/Rp x ( Vbel - Vbe2) 

<70> uH^e^^l^^ mH^jz}. 4°l£H 

(D1,D2) <$i£l}4\ ^ n<>]+#^ a}o}2) ^o. ^Ai 33 ]- £ol q-E]-^ 

^ 5d4. 

<7i> [^ai 3 ] Vbel =Vt xinCl/Isl), Vbe2 =V T xi n (I/Is2) 

<72> (Isl,Is2:S^^-, I: -t^E^H ^Hel^o.^. S.^ #ff-) 
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<73> c^H S.$£3jf 'is 1 ^ ^Me^*^ Me^KH 3HJ-$ 4°H^ <g 

#ff-°14. ^n^S. 4°1°1^ NPNH 4°1-&4S ; 5H4^eHH -t?d]El#44 

<74> ^*>^3^1 44 ^4-4 2f- 4^ =t444£) ^4?} £4. 

< 75 > [^44 4] Ip = v T /Rp [ln(I/Isl) - ln(I/Is2)] = V T /Rp [ln(Is2/Isl)] 

< 76 > y T ^ kT/qCk:!-^ 1 ?]: -SKM:£H, q:*14 ^-s^Hs^, o)^ ^444^ 4<y4?l 

£ ^4457f ^4. 

<77> [^44 5] Ip = kT/q >i/Rp Hn(Is2/Isl) 

<78> 5# ^£4] 4?ti 4^, ^44 64 £o] ^4. 

<79> [^44 6] dip I dl = k/q H/Rp >4n(Is2/Isl) 
<80> = + 0.087mV/°C >1/Rp >4n(Is2/Isl) 

<81> a).^ ^^60^ yj-fi]. £0] Bfl ^5)3.(100)4 Ip 3iRr £ 

<82> o^Ai, 40)0^ ^M^JfC 1000)1- ^^Rr ^^-^^^-(200)^ ^ 

#^^(200)^ 4S^S^4^^(MP5,MP6)7> H^r^U, o]o]x] <&3L±E.&x] 
^4(MN3,MN4)7> 43.^£$4^(MP5)4 <ffl-2.^ <$4^3 (MN3)-& -f-^H 
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A2 ^^-(In)7> *st|1 ^cf. ol nfl 5X)£^M (MP5)4 s^SLiM ^I^e] (MP6)4 

3]2.iE^xl^Ei(MP7)^ W/L all- l:l:lS *}JL, afla^M ^liEi (MN3)4 aflfi^E^ 

^iBKMN4)^ W/L oil- ins. ^4. 
<83> <^7l^2. 4ol^c( D3) - «>olf-e}E^^^fil ^plE^ tf|H;i#-g- ^^1^ ^ 

^s>n, 4o]o.= ^^.Hl ^12 ^fKlnH 9l7}s\t= 'Vbe3'5. £7R>4. 

4^1 ^2 ^^-(In)^r =r«H74 £oj ^71^4. 
<84> [^f^ 7] Vbe3 = In >Rn => In = Vbe3 / Rn 
< 85 > ^^71- ^£^1 « £*l£*>7ll 33 *r«H 84 ^"^1 €4. 
<86> [^tJ-A] 8 ] 5 In / 3T = (5Vbe3 / 5T) >i/Rn + Vbe3 >< 3Rn / 5T x 
1/R 2 n) 

<87> = ( a Vbe3 / d T) >i/Rn 

<88> q 7 )X] cfl*V Vbe3^ £sH tpfl ^-cfl^o.^. \(3 

Vbe3 / 5T) n/Rn| > |Vbe3 >< 3Rn / 5T >4/R2 n )|^ Vbe3 
>< 5Rn / 5T >4/R 2 n)£ ^JW$4. 

<89> ^ t vbe^sl ^£oil cfltb 3S*1£&£ ^^94 ^ 

oo> 9] dVbe / 5T = - 1.62mV/°C (T = 27°C°1H3 

<9i> ^*H8i tfl^Tfl s)^ 104 £4. 

<92> [^sJ-ai 10 ] 3in / 3T = - 1.62mV/°C >i/Rn 

<93> 4^ ^«Hl0*1M g.^. w>^- £o] ^£H]-«1^ ^|=.a§^«(200)^ ^12 #-ft(In) 
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<94> o)o]a] v}o}o]^ ^^#^^-(300)5] §3]-^- #^£4. 

(200HH A)2 #fKln)4 3.7)9] ^]3 #fKln')« %x)$.<$ 

(VSS)^S. *2 7fl *Vt}. <^7H ^1 51 (310)1- ^^Hr 9H£^S^^liEi 

(MN5,MN6)2] W/L «!# 1:13. 
<96> *}o]o]+ ^^^(300)$] *1]2 ^^51(320)^ £rJE«l 31 

(100)<>1H ^11 ^(IpHH ^3 #fKln')l- «E *fl4 #fl-(Isub=Ip-In')l- *1 

3*8$ ^15 ^fKlsub')-& ^^^^(VSS)^ Ih^I ^12 (320)1- 

^ 3fe oij s ^E^^ ;i 5l(MN7)sf ^£^^^1^(^8)0] w/L^l * l:arS «H *fl5 

#^-(Isub')^ ^ll4>l^-(Isub)^4 an ^ W. 
<97> s1s>iE^^^Ei(MP8)^ oHS^e^^^eKMN8)1- -§-*fl *1]5 ^HHlsub' )7> JlstII 

-31, ^H^e^^^eKMNS)^ tHoIecH 4o1o]a ^(VnH <£7}Q^. 
<98> o^ 7 ]Ai *fll ^^-(Ip)^ £S.o\) tilsflSM ^7}?>}JL, A]2 ^i^-(In) ^ *I13 3Hr-(In') 

^ -°ri*ll til^^H ^51-71 nfl^-ojl, ^]1 *HHlpHH ^3 #fKln')t- « ^Hftl *l|4 
^i^-(Isub)£ £5^1 #7>*>7ll ^4. 4eM A* ^^-(Isub)l- c?wll*H 4 a] 

*ll5 ^^-(Isub')£ ^E^] al^l^r><^ f^Tfl S\JL, <y*fl *fll ^ A]2 *\o}6\ 

^ ^(Vp.Vn)^ £5L<>1] *l3fl*Rr 7}^ €4. 

<99> ^wH 0 !^ #^#^(400)3 4S.^^fl4^^(MP4)^ *U ^(Ip)l- 

^16 #f-(Ip')# ^JI, *fl3 ^*j3(410)^r ^16 ^^-(Ip')l- <&%^*\ 
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47 ^(0Ap')M: Jl = t11 *>4. <^7]*\ 43 3**1 e| (410)* nM^Rr <?R5L 
iS^l^El(MN9)J4 °^S.^S^^^El(MN10)2] W/L«l# 1:03, «H ^7 £fH0Xp') 
46 &ft(lv')2A 0^ ^ ^^ol nle^£]7fl $4. 
<ioo> s|S.>iH*fl*l£:EKllP9)4 ^aa.iS^l^(MN10)l- ^ 47 ^(0Ap')7} ±3. 
Tfl sjig, ^s.^E^iE-l(MP9)^ >IMe =eflo]c].o.5. ^1 iL2:4 0 H^ ; 5l < y-(Vp2) 
o] 0 J7}S)2, ^ES.iS5ffl^l^(HN10)fil 7flo]E^.ofl ^2 iLS4°H^ 3Wn2)°l o]7> 

<ioi> ^(Ip)^ £SL4 al^l^H ^^>J7, on- p1^$$ *fl 6 3-fKlp') 

^A] ^6\) ti^H f^Til £4. 44*1 46 3*(lp')* 47 3*(£x 

I P ')£ ^4 h1^]«H ^-A*\4 sm, ois *fli £ ^2 iL2 4°H^ 
(Vp2,Vn2)^ n] BflSRr JH§* 7^7(1 £4. 

<102> o)6\*\ t *e}^Jf(500)S) ^<$* #^^.4. 

<103> £8 6j| #a^-¥-(500)fe 4t^ < yw^(IN_l,IN2,.. ) IN_n)t- ^ a l*Hr * 

#3°J ^^7ls-M, #§H ^3tt -§-4^ *#3$1 U^7lfi] fo ES o] 

3-4. 

<104> ol^ElH^tfl INl)^ ^^1- ^*fl^4r ^^^W *}^r 27fl5) Si 

fiiE^^AEK^qi MP13,MP16)4, 27flS] «ffl2.^E^i-A.El(oj|^tfl MN14.MN17)* 4 
4 &4. *s}^-¥-(500W| JZ.€- °J«WlN_l,IN2 ( ..,IN_n)2l 
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<105> 6j)s. ^o] o]^El(INl)Sl ^N^, 3Z)S.^E^^^(MN13)^r ^1 H}<>H 

^ 3tt(Vp)« <$^°} aAsub ^^(VDD)Jl^fEi 
iBl(MPlO)S MTU *Ka, 6 JS.iM^^iEl(MN14)^ Tflole^. ^ 2 ti>°l°1^ ^(Vn) 
^fiiM^l^EKMNlD^fEi ^l^CVSS)^ aAsub ^-fr^ JliM 

<ioe> ^ ^£^E^xl^El(MN16)^r ^Hl 1 # 0 J(Vp2)l- ^^^> /? Ap' ^ 

#3 SUf- 5 ** ^^(VDD)^.^ ^S-^E^^liEKMPlO)^ iL a 7fl Sj-JL, ofli^S 

(MN17)-b 7fl°lM ^2 a.^y>ol^^ ^<g-(Vn2)# ofl S ^E^}^^^ 
(MNll)^fEl ^H^CVSS)^ /? ^p'^^ JieTfl sj-cf. fi^E^fl^ 

^Ei(MP10,MNll)^ ^e^ °lu^ ^4-§- 3* 
<107> ^ oiulEKlNl)^ ^4#fRr ^15 ^^-(Isub 1 - *SUb)2]- ^]7 ^(0Ap')9\ 

^•<y a Asub + /3Ap'7} s^t-fl, a Asub^ ^"##^-¥-(300)^ ^12 

(320H ^5 ^(Isub' = ff^sub)!- Si tHEK INI) 3 s\^^^]±b\(W13)7\ 

QW 0 )^, 0Ap' tt £.^*}o)o]^ ^-fr^-f (400)^ *fl3 ^^1^(410)^11 * 
^7 ^{/3 >4p')# °JulEi(lNl)^ *\S.^®7)+B](W16)7} nle^*V ^ 

<ios> ^ > ^-ol ^ *j) 2 ul-olol^ ^^(Vp.Vn)^ ^1 ^ ^12 Ji^«H 

^° t J-(Vp2,Vn2)^ ^£<H1 «WHr Jp§-g- 7^lJl $icf. 
<i09> afel-Ai #§1^^4(500)1- ^M3*Kr ?1»31E-1(IN1)S1 f-^^U >4sub + /?>4p')^ 

££ofl #7}- §1- Til £)J1, C.15. olSflAi #3^4(500)^*1^ ^7} 
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<no> E)Hefl4| ^-g- #§H ^- £ oH yl^^H ^^7} fed>^c.s. sflAi, ^-71^ e)S 
^Sefl^l *J9l# Jl^ofl^ 5^41 ^ 4^«^, tftflajo. 

<111> ttj-^ a. i£^o} ^.g. o. oj^Tl) 5)^, ±L-g:°lH 3gJl*V 

<112> £9^- S. 7 6\] ^X\Q «H°1^ ^^^l 31*11 ^j^TT f-^M 44 

<113> £.91- #BU±3, ^rH^l Wl^l^H f^xr >fl 1 #fKlp)4, 

Xl3 ^^-(In')l- * XH *llKlsub)4 XH ^f-(Isub)!- atf\ ^ ^ei^t!: 4 

5 >4sub)7} £A]slol 

<114> £ i^o^ ^ofl tileilsKr XI 1 #^-(Ip)4, ^^WKr *fl2 #^-(In)-I- 

^j^JL, on- nie^t!- #^r& H X14 ^f-(Isub)!- 2^3141 ^-g- #3* 

^*Kr 3£ Ji£<HH^ s]sefl4) ^-§- ^4^* 3.7)) &7}*]f]7] $^*\o] 

4. 
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<H5> ££0)1 til 3)1*}-^ *fli ^^-(Ip) ol-§-*lH el^el]4l #§},g. /jj^^j. 

Tfl s| 3, £517}- feo^^ ^4^1- 7 M^r 51 Sell 41 ^-g- ^fe 
014. ^-£^1 tflultb BISSAU €3£ tfl^ 15°C n*\A 

^A^rA 2flB 35. sH^Hrdl, £H^1 aWKr #-ff(Ip) or*ll# 
33 3 si sell 41 #^^r ^ 

<iie> aj-el-Ai a. ^tgoflA^ ^Hofl til^le}^ *m '^(ip)iq-, ££i t>Hls|^ ^2 *l 

^-(in)i- ^m±s. ci ^^tb -grStii^i^ *m ^^-(ip)i^ ^£oii ti>tii^i^ 

*fl2 3fi-(In)« nle^*l ^3 ^(In')l- «! *HKlsub)l- 

tVrf. ol^Til ^£ slsefl^l ^-g- £517} 333 #3 ^*Hr* 7} 

<U7> -*7l ^ ^ol £ ^o) 3 = ^3 ^-g- #s^^7l^ ££<H1 til^l^ 

% S\E.3., ^^(ofl^tfl OtHH^r £51*11 ti^l^ afll 3#(Ip)7h a|)2 3 

^■(In)iL4 ^rS.o)^}6\)A\^ v\o}6\^ ^=-(l sub )7> 

S\x] $o\X\ ^1 g *fl2 w}°W^2ltt(Vp,VnW <?l7>Elxl §^1^ol 

<ii8> 519«fl 51^ 'Tz' 3t*]S7> afll *H?-(Ip)3- *fl2 *HHIn)7> ^ fl H, 

*ll5 *sub)3 ^fr^HH^ 0TC°1«HW ^^-7} ^s)*l g *r 

<119> oil- &<£*}7) $n £ ^^H^r *1£<HH51 «H°1^ ^oj-ol <a7>£)^ iL2: «> 

^^#^-^-(400)^: ^til§>ji 014 ^.2;H>ol^i *13-M(400)o1Mfc ti l 
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3l*Kr 41 Sl4Mlp)thl: oj-g-sflA-l 41 ^ *]12 i^tiH^^ ^ < a-(Ip2,In2)* $^-s}7\] 

<120> ^go\) ff >4sub + j3Ap'^ XU ^ X| 2 ^ *}<y-(Vp,Vn)4 XU ^ Xl2 

B^Hi ^i < a-(Vp2 ( Vn2)o]l ^sfl ^5]^ #ff-l- ufEl-^ ^ol4. ^ ^ ^ 2 
^2 «H«H^ ^i < a-(Vp2 ) Vn2)oll elsfl 0t°lsH x^oflA^ #§H^7HH ^ 

<i2i> ^*>3, -g-tfajol a>5LXl #*l<q sl^efl^l ^£ 25°C) <>1H 

o°C *1*HH^ 7-1 ^H^r el JE ell 3 ^ahg- ^1 ^#4. ixfel- 

A 1 £ 4 V ^# 34*Rr tiVE^l el JE ell 3 f-*M ^1 T^Hl^tfl 0°C)9l ^7} 

m# iL^ufol^^ ^<a-#^^-(400)^ ^sflH ^cf. ol^ ^-fofl^ ^i^W 
(400)1- ^^Hr 4^ <?HH 3(413^ INl)^ 2)2.^=31*1^ 
(MP13)^ °J!£iEi^l±El(li4)t zj-zf s>ul-n> ^til^ ^cf. 
<i22> £ io^ .a. m^s} Bl^ell^l #3^713 ^ £o)1 ^ ^ei^ # 

^ el^efl^ ^-g- #^21 ^7}« £ ^ 014. Ij-sl XI 1 ^(Ip)sl- XI 2 ^ 

^-(In)7> «r S?]E( Tz )^ ^ £ ol^lA-1^ ^2)15} ^4^7> ^7^^- 

m. 

<i23> a. ^3 5l = efl^ ^-g- #^^71^1 ^£^1 cfl^v sl^efl^l ^ 

711- M-eH^t nefl^olcf. 
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<i24> t^l £R> 5l^efl4=l ^-g- €^^r °l-g-*H 

3x^3 ^ &x}. £fV ^5fl7l#o11 SRI elS3l4l ^7l 5f#£. 

<125>, £ ^ofl ^^5]^ ^-g- 2.^- -&51°lH °}^°A 

S) ^3Httt ir<3#3-^ W^Rr ?H 0^5} ^sHlH 7^ 

7i*v ^ah^ zl ^ ^ 3 ^ 0] .u o. ^o^^o) 3.4. a 

^ ^A]o,l7l- 7>^t* °l*fl^ ^ $1* 
[^Sl SL31-] 

<i27> £ g-Tgoq sl^efl^ ^IM^H*! 3JE313 ^-g: #3-8: 

°l-S-*Tl^i sl^efl^ ^3-8: *l-7ll ^£^^1 4^- 3^14=] ^7ls. e|^efl 

4=1 ^TO ^ OT. 

<128> 51^5114^ ^711- JL£-°1H 3711 ^Jl ^A} # 

313^ ^^St- H711 ^ $14. 
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<129> ai> -& 5^13 -g-^-g- -13^ 4^1 31 ^sHM- 

sa4. 
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13^8- 11 

-S-71 h>°H^ 3tf #3 ^4^7} «l3fl*Hz- s^efl^ ^-^--8- €3^8: #3 

2] 

^ 1 M Jfl°W, 

^-71 a>o]oi^ # <?M)^ -¥•*=■ 

#7] »| 1 *1^HH ^V 7 ] XI 2 ^^-1- fflB ^oj^o] ^Jjf-sH tfl-g-^ H><>H 
[$t^ 3] 

4 2 IN si«H>H, 

^71 Xll ^-ff-ifH ^^^Mol tilBfl*}^ 2L£. H>°H^ 

38-27 



1020020076713 *3 °^}: 2003/1/14 

s «M°1^ *H2 ^^-fft- ^*Kn, -*7l *lll g ^|2 

3 sail 3 M^7l. 

4] 

*H 2 %H1 $W*1, 

^7} 42 ^ff-t- Dje^sH ^13 i^Tll *>7l ^tb ^IH £^13^ 

%7] 4i *HMH %A 42> «E *f|4 #it«- *1 &| *y ^15 S-^A 

*\7] Jflft *U ail^^l^t ^«l*Hr *fl2 3^15^ £ 

$7} 42 3^1^ ^^l -*7l 45 xiMl *>7l 4)t4| #€##4 #71 

^12 ^^lSl^^H^ 4°1A= a||2 5.^M€*1^3 

1- t^BI^jI, #71 ^2 TflolEi^Ai W^Hi ^ 

13 T 1 * 5] 

*n 4 %hi si^h, 
#7i m^m^, 
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^ rf^o] oltt]Eil- ^tilsRr ^^71^1 3# f^lS ^ 311313 
71 

6] 

#71 ^E^, 

^^SH °^ 0 1 ^^U, TflolE^-o] ^-71 40) o_= 34=^ 

o^oj ^SU, TflolH^-ol ^71 2fl2 3^*1 3 3 ^g- ^*>fe 711 
1 £il^i^2l TIME cJ-ofl ^7l ^1 S^E^^^Ei^ f§*$-5} 

7113 £il€^liElt T^l^fe 3# ^8*.S sl^efl4l #3lH7l. 

[^T 1 * 7] 

*ll 4 %H1 

#7] afl5 #^Hr ^"71 ^114 *lff--& tf*ti ^ *1 Si U $ ^$SLg. f>}±± 

Bl^ell^l #3lHM. 
8] 

XI 7 %H1 floH, 
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S.^e^xI^e-1 ; 

^-71 ^^l^H ^^M, TflolE^-o] # 7 ] *fll SlS^S^^l^B^ 7\\o] 

3; 

^■71 ^2 3lS.^H^^^E^ H^ofl TflolHcJ-o] o^SH, 4o]O.H 
^ ^1 <?fls.^E^xliEi ; 

A c V 7l 4l Z\S-£.^*}^]2] ty%4 ^^o] o^^H, -^-71 ^11 ^HS-^M^^l^ 

±± 42 teiS^^litl; 

$7) 71U CE^E^l^E^ Ef^ofl #&|^7>7> ^^U, ^*1#°*H 4°H^ 

^7>7> *fll Cfol^c; 

#7l 7)12 ^S^S^liE^ Ef^ofl o^a.o] o^s} ^! xH 1 -; 

^"71 Till 7-1^ El-^ofl ^ e ^cJ-7l-7> ^l^U, ^7l ^lSi'SH *H M ^ QAA 

all 2 tH£^; ^ 

^7l ^^tHl 0 ^ 0 1 ^^U, 7llolEc1-ol % 7 \ 41 Sl£>iS^^l^Biol Tflol 

Ecj-oii <ais]^ #7l ^11 3}2.^;e$*1^e1<s}- *i-!^l5lt- ^*Hr ^13 ^S^H^^^ 

Eil- ^WItsVJL, 
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[37* 9] 

Xl 8 5fl°H. 

#7l ^S^Hl £^#4^, 

E^ofl #71 Xl4 ^H-iM^l^^ ^fl-Plell- ^*Kr X|5 slS.iM*li 

El; 

#7l Xl5 Bf^H TflolE^-o] o^sH, Cfol^c 3^ 

S XI 3 teii^l^; 

#7l Xl4 Sla^S^^E^ E^ofl ^^ol ^^H, ^-71 X|3 <?fl2.^S^^l^ 
E-) 9] TflolEcJ-oll TllolE^-ol o^S^ #7l Xl3 °J£iI «*1 ^ 4 3^*1 31" 
X|4 ^S-^E^^^Ei; 

#71 2)13 oJS-^H^l^ElSl Bl-^ofl 1-E^^>7> <&%$JL, ^*1*}°*H 4°1M^ 

£££ XI 3 in; 
#71 Xl 4 *Rs.^H€*liiH^ E}^4 #7l 3*1 "S^xr XI 2 *1%; £ 
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$7} St^^U, TflolE^ol # 7 1 2fl4 3\5L^!=.m^$ »I 0 1 

E^ofl o^S^ #71 *I14 Sla^E^liE^ ^^1&|1- ^*Hr 2fl6 ^H^M^l^ 

#71 *116 slS-^^l^ofl o^sfl n]e|^^ #7l 2fl2 ^H3-2- 

3, 51*5113 ^-g- 

[$t^ 10] 

^11 9 %H1 SH*!, 

W*} "Sl^U, 7lMm#<>l ^"71 2111 2)£^H^l^Sl Tfl 
Hrfofl g^S^ tf?l 2111 Sli^E^l^E^ ^HMem <§^*H ^1 ^t" *1 

e^fV 2116 ^fi-* * = *}7l 3R> 2113 2)fi.^E^l^; 

#71 2)16 *}^-* ^le^^H 2117 2i^-# ire 7fl ^ 2fl3 3.^1=31*1^1^ 

^«l*Hr 2113 ^M^U ^ 

#71 2113 ^17 M711 *>7l M *d^dM ^71 

2113 #^1&I^ ^^V°H 4 6 1£-H 2-iJ=€*1^1 

a ^til^ ii2 uHoi^ ^<g-#^^-# c-1 ^til^ji, #7l 2113 £il^l^2l 

TflolE^^A-l *)U 12:«}oHi *i<£^ f^U, tf?l 2113 2.iJ=3l*1^3l TflolHcl- 

2112 124010]/: #3*Hr ^$<L2. *Kr 51 = 2114=1 **hg- 

71. 
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